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(57) Abstract: A gas measurement system (10) for measuring the concentration of CO2 gas in an incubator (12) includes a radiation 
source (20) for radiating energy; a reference detector (22) operable to receive a portion of the radiated energy, to detect a spectral 
range of the energy outside of an absorption band of the gas, and to generate a signal representative thereof; a sample detector (24) 
to detect the spectral range of the energy within the absorption band of the gas, and to generate a signal representative thereof; and 
a control assembly for comparing the signals generated by the reference and sample detectors to determine the concentration of the 
gas in the enclosed \ 



WO 01/84096 



PCT/US00/11487 



-1- 

C0 2 GAS MEASUREMENT SYSTEM FOR 
A LABORATORY INCUBATOR 



BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

The present invention relates to a C0 2 gas measurement system for use 
in a laboratory incubator. More particularly, the invention relates to a gas measurement 
system that more accurately measures the amount of C0 2 gas in an incubator as the 
components of the system degrade over time. 

2. DESCRIPTION OF THE PRIOR ART 

C0 2 gas is commonly introduced into laboratory incubators to facilitate cell 
growth and testing. Because C0 2 levels must be kept within a desired range, laboratory 
incubators typically include C0 2 detector assemblies for detecting the concentration of 
CO z therein. One such prior art CO z detector assembly includes a sensing cell 
containing the same environment as its incubator, an infrared (IR) source that radiates 
energy within the sensing cell at the absorption band of C0 2 , and a detector positioned 
to receive the radiated energy from the source and operable to generate an output 
signal representative of the intensity of the received energy in the absorption band of the 
C0 2 . The CO z in the sensing cell partially absorbs the energy that is within the 
absorption band of CO z ; therefore, the amount of energy that reaches the detector 
corresponds to the amount of CO z in the cell. 

As iong as the energy emitted from the source and the sensitivity of the 
detector remain constant, the output of the detector accurately corresponds to the 
concentration of C0 2 in the cell. However, overtime, the amount of energy emitted from 
the source decreases and the sensitivity of the detector changes. Also, temperature 
changes can affect the operation of both the source and the detector. These changes, 
commonly referred to as source and detector "drift", cause inaccurate CO z 
measurements and therefore inaccurate control of CO z introduced into the incubator. 

One prior solution to this problem is to periodically calibrate the detector 
assembly by evacuating the sensing cell of all C0 2 and then measuring the intensity of 
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the radiation received by the detector. This reading is then compared to a reading taken 
when the assembly was first used to determine the degradation of both the source and 
the detector. Although this solution is effective, it is time consuming and therefore 
impractical. 

OBJECTS AND SUMMARY OF THE INVENTION 

The present invention solves the above-described problems and provides 
a distinct advance in the art of incubator C0 2 measurement systems. More particularly, 
the present invention provides a C0 2 gas measurement system that continuously 
calibrates itself before each measurement to account for degradation of both its source 
and detector. 

The gas measurement system of the present invention broadly includes 
a radiation source for radiating energy; a reference detector operable to receive the 
radiated energy, to detect a spectral range of the radiated energy outside of an 
absorption band of the gas, and to generate a signal representative thereof; a sample 
detector operable to receive the radiated energy, to detect a spectral range of the 
radiated energy within the absorption band of the gas, and to generate a signal 
representative thereof; and a control assembly for comparing the signals generated by 
the detectors to determine the concentration of the gas in the enclosed area. The 
radiation source, reference detector, and sample detector are preferably positioned in 
a sensing cell that contains the same C0 2 gas concentration as its corresponding 
incubator. 

The output signal of the sample detector is sensitive to the amount of CO z 
gas in the sensing cell in a similar manner as prior art detectors. However, because the 
reference detector is only sensitive to energy that is outside the absorption band of CQ 2 , 
it generates a signal that is independent of the amount of CO z in the sensing cell. 
Therefore, the difference between the output signals of the two detectors corresponds 
to the amount of C0 2 in the sensing cell and is independent of the degradation of the 
source and the detectors. This allows the control assembly to continuously calibrate the 
system by comparing the signals generated by the two detectors. 
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BRIEF DESCRIPTION OF THE DRAWING FIGURES 

A preferred embodiment of the present invention is described in detail 
below with reference to the attached drawing figures, wherein: 

Fig. 1 is a schematic diagram of a CO z gas measurement system 
constructed in accordance with a preferred embodiment of the invention and shown 
coupled with a laboratory incubator. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Turning now to the drawing figure, a C0 2 gas measurement system 

broadly referred to by the numeral 10 and constructed in accordance with a preferred 

embodiment of the invention is illustrated. The preferred measurement system is shown 

coupled with an incubator 12 and is operable for detecting and measuring the 

concentration of C0 2 gas therein; however, those skilled in the art will appreciate that 

the measurement system can be configured to measure the concentration of any gas 

in any enclosed area. The preferred gas measurement system 10 broadly includes a 

gas detector assembly referred to by the numeral 14 and a control assembly referred 

to by the numeral 16. 

In more detail, the gas detector assembly 14 includes a sensing cell 18, 

a radiation source 20, a reference detector assembly 22, and a sample detector 

assembly 24. The sensing cell must contain the same environment as the incubator 12 

and therefore may simply be an area within the incubator. Alternately, the sensing cell 

may be remote from the incubator and coupled therewith with piping or tubing so that 

the environment from the incubator can be pumped or otherwise introduced into the 

sensing cell. 

The source 20 is positioned within the sensing cell 1 8 and is operable to 
radiate energy through the environment of the ceil. The source is preferably an 
incandescent lamp that radiates infrared (IR) energy in the absorption band of C0 2 . The 
source, as well as the other components of the gas detector assembly, are preferably 
manufactured by Digital Control Systems, Inc., of Portland, Oregon. 

The present invention takes advantage of the principle that C0 2 gas is 
invisible to radiation at wave lengths outside of a narrow C0 2 absorption band. 
Therefore, radiation outside the absorption band of C0 2 passes unimpeded through 
C0 2 . Conversely, radiation within a narrow absorption band of C0 2 is partially absorbed 
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by C0 2 gas. Therefore, radiation within the absorption band of C0 2 is at least partially 
blocked by the presence of C0 2 within the sensing cell. 

The reference detector assembly 22 is positioned within the sensing cell 
18 so that it at least some of the energy emitted from the source 20 impinges thereon. 
5 The reference detector assembly includes a conventional IR detector and a filter coupled 
therewith that passes a spectral range of the energy emitted from the source that is 
outside of the absorption band of the G0 2 gas present in the sensing cell. Thus, the 
energy in this spectral range passes unimpeded to the reference detector regardless of 
the amount of C0 2 gas present in the sensing cell. The reference detector's output is 

10 therefore independent of the C0 2 gas concentration in the sensing cell, but is dependent 
upon the brightness or intensity of the energy emitted from the source. 

The sample detector assembly 24 is also positioned with the sensing cell 
18 so that at least some of the energy emitted from source 20 impinges thereon. The 
sample detector assembly preferably includes a conventional IR detector and a filter 

1 5 coupled therewith that passes a spectral range of the radiated energy that is within the 
absorption band of CO z . Therefore, the amount of radiated energy that reaches the 
sample detector is dependent upon the concentration of C0 2 gas within the sensing cell 
so that the output of the sample detector changes with the C0 2 gas concentration in the 
cell. 

20 The control assembly 1 6 is coupled with the gas detector assembly 14 and 

is operable for analyzing the signals generated by the sample and reference detectors 
22,24 to determine the concentration of C0 2 within the sensing cell 18. The control 
assembly includes a comparator 26, a multiplexer 28, and a microprocessor 30, all 
powered by a conventional power source 32. 

25 The comparator 26 receives the output signals from both the reference 

detector 22 and the sample detector 24 and determines the difference therebetween. 
The difference between these signals corresponds to the amount of C0 2 in the sensing 
cell and is independent of other factors such as the degradation of the source and the 
detectors. 

30 The multiplexer 28 is coupled with the comparator 26 for receiving signals 

therefrom, multiplexing the signals, and passing them to the microprocessor 30. The' 
microprocessor then analyzes the signals to determine the concentration of CO z within 
the sensing cell 1 8 as described below. The microprocessor may be coupled with other 
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components such as a C0 2 valve for regulating the delivery of C0 2 to the sensing cell 
in accordance with the measured value of the C0 2 in the cell. 

In operation, the gas detector assembly 14 is placed in our coupled with 
the incubator 12 or other enclosed area having a concentration of C0 2 or other gas 
5 therein. The source 20 is then turned on so that radiation emitting therefrom impinges 
upon the reference and sample detector assemblies 22,24. The reference and sample 
detectors generate output signals as described above which are in turn received by the 
comparator 26. 

In one embodiment, the comparator first reads the output from the 
10 reference detector 22 and stores it in memory. The comparator then reads the output 
from the reference detector again and compares it to the stored output signal to 
determine if there is a difference. If there is a difference, the comparator and multiplexor 
28 multiplex the difference with the output signal of the sample detector and pass the 
multiplexed signal to the microprocessor 30. The microprocessor then determines the 
15 CO z gas concentration in the sensing cell by analyzing the signals from the comparator 
and multiplexer. 

As evident from the foregoing description, the C0 2 gas measurement 
system 10 of the present invention continuously calibrates itself prior to each C0 2 
measurement to compensate for degradation of the source 20 and the reference and 
20 sample detectors 22,24. This enables the system to accurately and quickly determine 
the C0 2 gas concentration in the sensing cell 1 8 without first evacuating the cell of all 
C0 2 gas. 

Although the invention has been described with reference to the preferred 
embodiment illustrated in the attached drawing figures, it is noted that equivalents may 
25 be employed and substitutions made herein without departing from the scope of the 
invention as recited in the claims. For example, although the invention is particularly 
useful for measuring the concentration of C0 2 gas in an incubator, it may also be used 
to measure the concentration of other gases in other enclosed areas. 

Having thus described the preferred embodiment of the invention, what is 
30 claimed as new and desired to be protected by Letters Patent includes the following: 
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CLAIMS: 

1 . - A gas measurement system for measuring the concentration of a gas 
in an enclosed area comprising: 

a radiation source for radiating energy; 

a reference detector operable to receive a portion of the radiated energy, to 
detect a spectral range of the energy outside of an absorption band of the 
gas, and to generate a signal representative thereof; 

a sample detector operable to receive a portion of the radiated energy, to detect 
a spectral range of the energy within the absorption band of the gas, and 
to generate a signal representative thereof; and 

a control assembly for comparing the signals generated by the detectors to 
determine the concentration of the gas in the enclosed area. 

2. The gas measurement system as set forth in claim 1 , wheirein the gas 

is C0 2 

3. The gas measurement system as set forth in claim 1 , the enclosed area 
including a laboratory incubator. 

4. The gas measurement system as set forth in claim 1, wherein the 
radiation source is an infrared lamp. 

5. The gas measurement system as set forth in claim 1, the control 
assembly including- 

a comparator for comparing the signals generated by the reference and sample 
detectors, 

a multiplexer coupled with the corhparStor for multiplexing the signals, and 
a controller coupled with the multiplexer for receiving the multiplexed signals and 

for determining the concentration of the gas in the enclosed area as a 

function thereof. 
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